The paper presents a numerical method for solving Pauli-Schrodinger equation in the case of a stochastic perturbation of the interaction Hamiltonian between a 1/2-spin particle and a non-uniform magnetic field. The numerical results show that in the conditions of a natural stochastic perturbation, the Stern-Gerlach measurement, which can be modeled in this way, is definitely unsharp.
I. Introduction
The Stern-Gerlach device 1 is well-known as a usual prototype for the "ideal measurement" (sometimes called "-of the first kind"
3 ) which is expected to ensure the perfect reproducibility of the measurement result for every observable which is co-existent with the one previously measured one. Usually 2 one shows that, in principle, the measurement cannot be fullreproducible, due to problems like: state preparation, spreading of "the wavepacket", finite extension of the magnetic field, etc. The influence of noises on the quantum measurement has also been studied in literature (see, for example, 4 ). We solved here the Pauli-Schrödinger equation in the case of a natural stochastic perturbation of the linear-type potential energy using a perturbative method, and obtained some results which stress that measurement has to be definitely unsharp.
II. Theoretical calculus
A 1/2 spin particle evolves in the non-uniform magnetic field of a SternGerlach device conform to Pauli-Schrődinger equation:
The operator V ( → r ) for the potential energy is:
where:
is the magnetic momentum of the particle. The expression for − → B ( → r ) has to be compatible with Maxwell equations, but if the magnetic field exhibits a uniform component much greater than the non-uniform one, one can show 2 that the influence of the non-uniform perpendicular component can be made negligible. So one can work with:
where the uniform component B 0 is not essential from now on, because one can use an interaction picture. (1) is now:
One can separate the two spinor components:
in two equations:
These can be solved via momentum (p z = · k) representation 5 :
These equations are suitable for a natural a-dimensionalisation. Indeed, the magnitude:
has the dimension of a time. Let:
(7) and (9) become:
If the initial condition for the solution is a gaussian pulse (in the position representation):
(14) become:
which are gaussian pulses centered in ±τ 2 . These corresponds to the results of an ideal measurement in the Stern-Gerlach device. Of course, what it is talked here is the best possible situation. Any other factors, such as: spatial limitations of the magnetic field and boundary effects, propagations of the investigated particle in free space, fluctuations of the macroscopic magnitudes involved, etc. yields degrees of non-ideality in the measurement. Here, the overlap of the two components of the spinor can be made very small, but the up-mentioned factors made the real measurements unsharp. Next we shall study solely the influence of a stochastic term in the Hamiltonian upon the ideality of the measurement:
ForB(t) we consider the expression 7 :
where ω n and κ n are constant magnitudes describing the heat bath of the device. Taking ω n = n · ω 0 , while κ n ∝ ω n , the adimensional form of (17) is:
where η is an adimensional factor, which is to be estimated later. Here the field operators action in Hilbert space of the device, and the equation is to be understand in the tensor-product Hilbert space, while the solution in the particle space is obtained after tracing over the device space; though, the action of the field operators will be translate by some random numerical factors. A numerical calculus adapted variant of (18) is:
where φ n are random numbers in [0, 2π] and n 0 is an integer which limits the influence of the far frequencies. In the position representation (19) becomes:
The ideal form of (20) (η = 0) is the Fourier transform of the Airy equation. If
is the Green function of this equation, i.e.:
one can show, 6 using the translation invariance of the equation, that:
One may solve (20) using an iterative method, provided η is small:
One may show
± (ζ, τ ) obeys (22), so one may write the iterate solution:
Using (16) for the initial enter of the iterative method one can obtain the solution (24).
III. Numerical calculus
We studied the case of an atom with atom mass M. In an usual SternGerlach experiment 8 the interferrum is ≈ 3.5 mm, while the gradient of the magnetic field is b ≈ 100 times the z-component (we chose for the later the value 1T). Than we have η = 5 · 10 −5 · ω Of course, the results will strongly depend on the sample of random numbers φ n (see Fig. 2 ), but real experiments deal with independent atoms sent in succession through the magnetic field; thus, to every atom will correspond a different set of random numbers, while the final figure will be obtained after mediating on a large number of samples. Fig. 1 shows the evolution of a pulse in the ideal case, while figs.3-6 show its evolution in different non-ideal situations. 
IV. Conclusions
We have shown here,using a perturbative method, that the Stern-Gerlach measurement of a 1/2-spin particle modeled by Pauli-Schrödinger equation with a natural stochastic perturbation of the linear-type potential energy, has to be definitely unsharp.
